Extracellular acidosis and high levels of carbon dioxide suppress synaptic transmission and prevent the induction of long-term potentiation in the CA1 region of rat hippocampal slices.
Long-term potentiation (LTP) is a long-lasting increase in synaptic strength induced by high frequency stimulation. LTP may participate in learning and memory formation. In many synaptic systems, LTP is dependent on intact function of N-methyl-D-aspartate (NMDA) receptors. NMDA receptors may be inhibited in different conditions involving also extracellular acidosis. A decrease in the extracellular pH accompanies many pathological states such as ischemia, hypoxia, and the CNS injury. The study was designed to determine whether comparable extracellular acid-base imbalances are able to interfere with the LTP induction. Hippocampal slices from adult rats were stimulated with high frequency stimulation (1 x 100 Hz/1 s) at Schaffer collateral-commissural synaptic system in the environment with different pH (6.7-7.8) and the field responses were recorded in CA1. Acidosis was achieved by supplying excessive CO2 or by HCO3-decrease in standard bicarbonate-containing buffer or by a direct acidification of the buffer containing Na-HEPES. Invariably, all forms of acidification suppressed the efficacy of normal, low frequency synaptic transmission and prevented the induction of LTP in a reversible manner; i.e., after reperfusion of the slices at pH 7.3 and restimulation, there was a return of synaptic transmission back to baseline, and a significant amount of LTP occurred. In contrast, alkalization to pH 7.8, although enhancing synaptic transmission efficacy, did not further increase the LTP magnitude compared to control environment with pH 7.3. The results suggest that extracellular acidosis associated with several pathological conditions in the CNS may significantly diminish the LTP induction, and thus negatively affect all physiological processes that utilize LTP.